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(57) ABSTRACT 

A modular, Scalable and configurable incoherent light Source 
is provided. The light Source includes an array of lighting 
modules Supported on a frame that focuses emitted radiation 
from the modules at a region of interest. The geometry and 
physical configuration of the Support structures, including the 
frame, may accommodate various energy intensities at vari 
ous distances. The modules may be made up of multiple 
LEDs or other individual light sources, may be of different or 
the same wavelength, and may be individually controllable 
for the ultimate lighting application. The light source may be 
used in medical imaging applications. 
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METHOD AND SYSTEM FOR PROVIDING 
SCALABLE AND CONFIGURABLE 

LLUMINATION 

BACKGROUND 

0001. The present invention relates generally to the field of 
lighting Sources, particularly bright or high power density 
Sources for applications such as medical imaging, and so 
forth. 
0002 Many applications are known for high power den 
sity light sources. Depending upon the particular wavelength 
desired, light Sources may take a number of forms, from 
conventional light bulbs, to laser light sources, X-ray light 
sources, and so forth. Within the visible spectrum, light 
source power density is often limited by the physics of the 
light source and a reflective or focusing mechanism can be 
used to concentrate their energy. For example, lightbulbs of 
various types are often associated with reflective surfaces and 
or reflective lamps that focus their energy in a region of 
interest. For many light sources, particularly for area lighting, 
a more diffused emission is desired. However, for high inten 
sity applications new techniques are needed for improved 
light sources that can provide much higher energy densities at 
a desired distance from the light Source. 
0003. In one presently contemplated medical application, 
for example, light is focused on an area of a patient in which 
a dye or other light absorbing and emitting is injected. The 
light Source must be of very high energy density to enhance 
the emissions by the tissues, and thereby to improve imaging 
based upon received (returned) radiation. However, current 
light Sources used in Such applications may be one limiting 
factor on the practicality of the imaging modality, or the 
quality of the images that can be obtained. Improved lighting 
Sources for these and other applications are therefore needed. 
Such lighting sources may be used in a variety of other appli 
cations, however, including for localized heating, localized 
bright illumination for various technical, medical, inspection 
and other applications, and so forth. 

BRIEF DESCRIPTION 

0004. The present invention provides an improved light 
Source designed to respond to Such needs. The light Source 
may be used in a wide range of applications, particularly 
where high energy intensities are desired in relatively narrow 
or reduced areas. The technique is particularly well suited, for 
example, to medical imaging applications. In general, the 
invention provides a modular, Scalable and configurable inco 
herent light source. 
0005. In accordance with certain aspects of the invention, 
the light source includes an array of lighting modules, with 
each module comprising a plurality of light emitting diodes. 
The array is physically formed to focus light emitted by each 
of the modules in a desired direction. The geometry of the 
overall structure, particularly of the array, then, focuses 
energy from the modules and from the individual light 
Sources (e.g., LEDs). 
0006. The array may include support circuitry; particu 
larly interface circuitry for powering the LEDs, driver cir 
cuitry for providing Such power, and control circuitry. The 
overall device may also include cooling mechanisms, such as 
water cooling arrangements, cold plates, and so forth. 
0007. The improved light source may be incorporated into 
a range of Systems, including medical imaging Systems. 
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When so incorporated, resulting device may be positioned on 
an adjustable stand or Support structure and associated with 
other components for capturing returned light from a subject 
for imaging purposes. The array and Support structures them 
selves may be particularly adapted for Such application, so as 
to facilitate the capture of returned light for imaging. 

DRAWINGS 

0008. These and other features, aspects, and advantages of 
the present invention will become better understood when the 
following detailed description is read with reference to the 
accompanying drawings in which like characters represent 
like parts throughout the drawings, wherein: 
0009 FIG. 1 is a diagrammatical overview of a light 
Source and Supporting circuitry in accordance with aspects of 
the present invention; 
0010 FIG. 2 is a diagrammatical representation of how the 
arrangement of FIG. 1 focuses light from modules in an array 
towards an illuminated region; 
0011 FIG. 3 is a diagrammatical representation of certain 
of the geometry of the light source in a focused illumination 
application; 
0012 FIG. 4 is a perspective view an exemplary module 
for use in the array of the proceeding figures; 
0013 FIG. 5 is an exploded diagrammatical representa 
tion of certain of the physical and functional components of 
the light source of the present invention in accordance with an 
exemplary embodiment; 
0014 FIG. 6 is a physical representation of certain of the 
functional circuitboards in a presently contemplated embodi 
ment broken out to indicate their placement on a Support; 
0015 FIG. 7 is a diagrammatical perspective view of an 
exemplary imaging device incorporating a light source in 
accordance with the invention; 
0016 FIG. 8 is an exemplary medical imaging application 
utilizing the arrangement of FIG. 7: 
0017 FIG. 9 is a perspective view of an exemplary instal 
lation wherein the light source, and associated imaging com 
ponents are Supported for ease of movement above a Subject; 
and 
(0018 FIG. 10 is a top view of the arrangement of FIG.9 
illustrating how the light source and other components may 
be moved over a subject. 

DETAILED DESCRIPTION 

0019 Turning to the drawings, and referring first to FIG. 1, 
a light source 10 is illustrated generally, along with the asso 
ciated circuitry for controlling its operation. The light Source 
is made up of the housing 12 in which a frame 14 is disposed. 
The housing may be made of any Suitable material. Such as 
metal (e.g., aluminum), or a moldable plastic. The frame 14 
fits within the housing and is formed to focus light radiation 
from the light source as described more fully below. In the 
illustrated embodiment, the frame 14 defines an array of 
receptacles 16, each of which is designed to accommodate a 
lighting module, one of which is illustrated in FIG. 1, and 
designated by the reference numeral 18. As described more 
fully below, each module may be made up of a plurality of 
lights, particularly of commercially available LEDs arranged 
in a tight pattern, as designated in FIG. 1 by reference numeral 
20. Each module is supplied with power for illuminating the 
LEDs by means of a cable 22. Passages 24 are provided in the 
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base of each receptacle for allowing the cable to exit the 
receptacle and join power and control circuitry as described 
below. 

0020. In general, the light source described herein pro 
vides a diffuse illuminator that utilizes commercial available 
LED packages of any suitable wavelength or form factor. The 
design incorporates a modularized surface that can focus all 
sources at desired focal points. As described below, the light 
Source may also incorporate fixtures needed for filtering light 
as well as various techniques for fixturing the LEDs and other 
components. The LEDs themselves, depending upon the 
application, may be of various colors and wavelengths, with 
multiple LEDs being provided, where desired, for specialized 
applications, such as medical imaging applications described 
below. The light source is thus a high power illuminator with 
high concentration of powerina set region of interest, tunable 
to any wavelength or combination of wavelengths. The light 
can be Switched at low frequencies or intensity modulated at 
very high frequencies. 
0021. In the presently contemplated embodiment illus 
trated in FIG. 1, for example, the array of lighting modules 
includes seven modules in the first direction and eight mod 
ules in a second direction. The number, size and placement of 
these in the array, however, can be changed to allow for 
selection of a variety of discreet units, assembly of modular, 
Scalable and configurable light sources, and for focusing the 
emitted radiation in relatively confined or more diffuse areas. 
For example, if a certain wavelength of light is needed at high 
power, the source can be populated with one type of module. 
If two wavelengths are required, two types of modules may be 
selected, and so forth. The intensity of the modules may be 
selected to achieve high power as would otherwise be pro 
vided at only one wavelength. Other illumination modules, 
Such as laser diodes may also be used, where desired. 
0022. To support the modules in operation, various elec 

trical circuitry is contemplated. In the diagrammatical repre 
sentation of FIG. 1, for example, interface circuitry 28 allows 
for connections between the various modules and driver cir 
cuitry 30. In presently contemplated embodiments, for 
example, an interface circuit board of the circuitry 28 is 
provided for each individual module, with LEDs of that mod 
ule connected in series. In the same presently contemplated 
embodiment, driver circuitry 30 comprises two driver boards 
that supply power to the interface circuitry, which then routes 
the power to the modules. Both the interface circuitry and the 
driver circuitry may permit for individually addressing mod 
ules, such as to selectively illuminate only certain modules. 
This may be particularly desirable where specific areas are to 
be illuminated, intensities are to be chosen, or specific wave 
lengths to be chosen for individual applications or during 
certain periods of use. Control circuitry 32 is coupled to the 
driver circuitry to allow for such control, to switch on power 
to one or more modules, and so forth. The circuitry is, of 
course, not limited to that represented in this or other figures, 
and particular circuits may be adapted to permit any desired 
control, addressing or modules, modulation of output inten 
sity, and so forth. 
0023 The radiation emitted by the various modules may 
be focused by virtue of the geometry of the array defined by 
the housing and frame shown in FIG. 1, as generally illus 
trated in FIG. 2. As shown in FIG. 2, the light source 10, by 
virtue of its geometry, will focus radiation, designated gen 
erally by reference numeral 34, towards an illuminated region 
36. In particular, each of the modules illustrated in FIG. 1 will 
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directa beam of radiation, one of which is illustrated in FIG. 
2 and indicated by reference numeral 38, towards individual 
areas 40 within the illuminated region 36. The regions may 
overlap, or may be separate from one another, depending 
upon the geometry of the array and the desired distance that 
the illuminated region 36 lies from the array. It should be 
noted that the particular pattern of illumination need not be 
rectangular, as generally illustrated in FIG. 2. In a presently 
contemplated embodiment, for example, each LED forms a 
generally semi-circular spot of illumination. The overall 
effect, in this same embodiment, is that the illuminated field is 
generally circular, having a diameter of approximately 12 cm 
at a distance of approximately 50 cm from the light source. 
0024. Such geometry is illustrated generally in FIG. 3. In 
particular, the light source may be considered to have a width 
42 in the direction illustrated in FIG. 3 such that beams of 
converging radiation 34 are emitted. The illuminated region, 
then, receives the converging radiation at an overall angle of 
conversion, as indicated by reference numeral 46 in FIG.3. In 
reality, one or more angles of convergence may be similarly 
represented between the individual beams emitted by the 
modules. This angle need not be the same between adjacent 
modules in the array, or, conversely, the individual angles 
may be identical So as to converge at a constant rate along the 
array. The individual angles of convergence can be defined by 
the frame itself, by the position of the modules in the frame, 
or even by the position of individual light sources within the 
modules. Based upon the angle of conversion and the width of 
the light source, then, at a desired distance 48 from the light 
source, a region of width 50 will be illuminated. As will be 
appreciated by those skilled in the art, the diagram of FIG. 3 
shows the convergence of the radiation in one dimension only, 
while in general the radiation may converge in two dimen 
sions, or in various patterns so as to provide the desired 
intensity across the region of interest. 
0025. In a presently contemplated embodiment, for 
example, the light source has dimensions of approximately 
25X30cm, and provides converging radiation so as to focus 
radiation on an area of approximately 12x12 cm at a distance 
of approximately 50 cm. The same arrangement provides an 
energy density at the illuminated Surface of approximately 60 
mW/cm. 
0026 FIG. 4 illustrates an exemplary module 18 for use in 
the light source described above in accordance with a pres 
ently contemplated embodiment. As illustrated, the module 
is, itself, formed of a frame or shell designed to accommodate 
a series of individual lighting devices, LEDs 20 in this case. 
Each of the LEDs is coupled to the power supply cable 22, 
and, in the present embodiment, these were coupled in series. 
It may also be noted that in the present embodiment illus 
trated, 20 LEDs are provided in each module, arranged in 
closely packed rows. 
0027 FIG. 5 illustrates certain of the physical and func 
tional components in an exploded view. As described above, 
the light Source itself is designed around a housing 12 in 
which a frame (not represented in FIG. 5) is positioned. 
Individual lighting modules 18 are disposed in the housing 12 
and are coupled to interface circuitry 28 which, itself, 
receives power from driver circuitry 30. The assembly, des 
ignated generally by reference numeral 52, may further 
include a cooling device, such as a cold plate 54 illustrated in 
FIG. 5. The cold plate, which may be made of any suitable 
material. Such as aluminum, may be designed to absorb heat 
from the individual modules, and to radiate, or otherwise 
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conduct heat from the assembly. In the presently contem 
plated embodiment illustrated, the cold plate 54 receives a 
circulation of cooling fluid. Such as water, through an inlet 56 
and, after circulation, expels heated water through an outlet 
58. The cold plate 54, nevertheless, provides for passage or is 
otherwise constructed to allow cabling to be extended 
between the interface circuitry 28 and individual modules 18. 
The cold plate may be associated with manual or automatic 
Valving, pumps, and so forth (not shown) to allow for the 
circulation of cooling fluid to be controlled. 
0028. The assembly 52 may also include a support 60 used 
for mounting the individual circuit boards defining the inter 
face circuitry 28 and the driver circuitry 30, as well as any 
other circuitry, sensors, feedback devices, and so forth. 
Finally, the assembly may include one or more filters 62 for 
adjusting the output wavelength of the light sources to a 
desired spectrum, where desired. 
0029 FIG. 6 illustrates a presently contemplated arrange 
ment of the interface and driver circuitry discussed above. As 
noted above, the light source may include one or more Sup 
ports, such as a connection board 60 illustrated in FIG. 6 
designed to fit behind the frame discussed above that houses 
the modules. The individual interface circuitry is populated 
on interface boards 28, with one interface board being pro 
vided for each module in the presently contemplated embodi 
ment. These boards are supported on the connection board 60, 
along with driver circuit boards 30. The driver boards, in the 
presently contemplated embodiment, are two in number, with 
each board supplying power to half of the interface boards for 
the lighting modules. 
0030. For certain applications, the light source may be 
designed and physically configured with features that accom 
modate the specific application. Referring back to FIG. 1, and 
as also shown for the connection board in FIG. 6, for a 
medical imaging application, for example, a central aperture 
26 may be formed in the frame. The aperture is designed to 
permit returned radiation from an imaging application (e.g., a 
medical or Surgical Subject) to be returned through the center 
of the light Source. 
0031 FIG. 7 illustrates an exemplary imaging device that 
incorporates this arrangement for imaging purposes. The 
imaging device 64 includes various imaging components, 
based around the light source 10 and disposed in a frame or 
housing. In particular, the frame 68 Supports the light Source 
10 along with an optical system 66 that channels returned 
radiation through a receiver 70 for generating medical images 
in accordance with generally known techniques. As described 
below, the imaging device will typically be positioned over a 
Subject and adjusted so that the desired energy density of 
radiation is provided at the tissue of interest, with returned 
radiation being used for imaging purposes. In Such applica 
tions, it may be advantageous to provide two or more different 
wavelengths of light, and this may be accomplished by select 
ing appropriate LEDs, modules, or filters that output the 
desired wavelengths. For example, in certain presently con 
templated medical imaging applications, wavelengths in the 
visible and infrared spectra may be used, along with white 
lights. Other wavelengths and spectra may, of course, be 
employed. 
0032 FIG. 8 illustrates an exemplary medical imaging 
application of this type, in which an imaging system 72 
employs an imaging device 64 of the type illustrated in FIG. 
7. The system 72 is used for generating images of a patient 74 
by the use of concentrated incoherent light from the light 
Source 10. In general, the patient may be seated or reclined on 
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a table 76, Such as in a Surgical Suite in Surgical applications. 
The imaging device is positioned above the patient by means 
of a support structure 78. 
0033. As will be appreciated by those skilled in the art, the 
imaging system 72 operates under the control of a control 
system designated generally by reference numeral 80 in FIG. 
8. The control system will include one or more appropriately 
programmed special purpose or a general purpose computers 
82 designed to carry out imaging sequences by appropriately 
illuminating the tissue of interest with one or more specific 
wavelengths of light, receiving returned radiation that is con 
Verted to electrical signals, and processing the electrical sig 
nals to reconstruct a useful image. The control is facilitated by 
the use of operator interface devices, such a one or more 
monitors 84, keypads 86, computer mice or other input 
devices 88, and so forth. 
0034. Again, those skilled in the art will appreciate that the 
arrangement of FIG.8 may be employed for clinical imaging, 
during Surgery, and so forth. In a Surgical application, for 
example, real time fluorescent imaging may be performed by 
illuminating exposed tissues in which fluorescent agents or 
dyes have been injected. The dyes will typically fluoresce 
when excited by light at known wavelengths (provided by the 
light source described above), and will then return radiation 
that can be detected, converted to corresponding electrical 
signals (e.g., in an imaging detector or camera), and these 
signals used to reconstruct images. 
0035) To facilitate appropriate positioning of the light 
Source in a specific application, Support structures such as 
those shown in FIGS. 9 and 10 may be provided. In the 
arrangement illustrated in FIG. 9, for example, a support 
structure 90 is provided for an imaging device 64 that incor 
porates the light source 10 of the invention. As noted above, 
the light Source will be arranged to appropriately focus emit 
ted radiation 34 at a desired distance, at a desired energy 
density, and at desired wavelengths. Radiation returned from 
the subject, indicated generally by reference numeral 92, will 
re-enter the imaging device 64. 
0036. The imaging device 64 is supported for ease of 
positioning above the area to be illuminated. In the illustrated 
embodiment, the Support structure includes a vertical Support 
94 on which a bracket 96 is attached by means of four-bar 
linkage device 98. The four-bar linkage may be raised and 
lowered on the support 94 such as by means of a rail interface 
100. A base 102 of the support 94 may, in turn, interface with 
a longitudinal rail 104 for ease of movement of the entire 
support. As shown in FIG.10, the four-bar linkage may attach 
to a support clevis or bracket structure 106. With pivotal 
Supports at corners of the four-linkage, then, the entire system 
may be moved in a controlled manner and the imaging device 
maintained generally oriented as desired over the patient. The 
structure also allows for ease of movement into the imaging 
position, and away from the patient to allow for access to the 
patient, particularly useful in a Surgical Suite. 
0037. While only certain features of the invention have 
been illustrated and described herein, many modifications 
and changes will occur to those skilled in the art. It is, there 
fore, to be understood that the appended claims are intended 
to coverall Such modifications and changes as fall within the 
true spirit of the invention. 

1. A lighting system, comprising: 
a plurality of first lighting modules each comprising a 

plurality of light-emitting diodes operable to emit inco 
herent light corresponding to a first wavelength; 

a plurality of second lighting modules each comprising a 
plurality of light-emitting diodes operable to emit inco 
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herent light corresponding to a second wavelength dif 
ferent than the first wavelength; and 

a frame having a plurality of receptacles configured to 
receive a lighting modules and to direct radiation from 
each of the lighting modules toward a desired region. 

2. The lighting system of claim 1, wherein the first wave 
length is in a visible spectrum. 

3. The lighting system of claim 2, wherein the second 
wavelength is in an infrared spectrum. 

4. The lighting system of claim 1, comprising a plurality of 
third lighting modules having a plurality of light-emitting 
diodes operable to emit white light. 

5. The lighting system of claim 1, wherein each receptacle 
is adapted to receive any one of the first lighting modules and 
second lighting modules. 

6. The lighting system of claim 1, comprising power Supply 
and control circuitry operable to control light emission from 
the first lighting module and the second lighting module. 

7. The lighting system of claim 1, comprising a detector 
operable to detect light at a plurality of different wavelengths. 

8. The lighting system of claim 1, wherein the lighting 
modules are capable of producing an energy intensity of at 
least approximately 60 mW/cm at a distance of at least 
approximately 50 cm from the frame. 

9. A lighting system, comprising: 
a plurality of lighting modules each comprising a indi 

vidual light sources; and 
a frame configured to receive and Support the lighting 

modules and to direct radiation from each of the lighting 
modules toward a desired region at a defined distance 
from the frame at an intensity of at least approximately 
60 mW/cm at a distance of at least approximately 50 
C. 

10. The lighting system of claim 9, wherein the individual 
light sources are light emitting diodes arranged in an array. 

11. The lighting system of claim 10, wherein the frame is 
formed to orient the lighting modules to direct the radiation 
from the plurality of lighting modules in a converging pattern 
toward the desired region. 

12. The lighting system of claim 10, wherein the modules 
include light emitting diodes configured to emit light of at 
least two different wavelengths. 
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13. The lighting system of claim 9, further comprising 
driver and interface circuitry for powering the individual light 
Sources, the driver and interface circuitry being Supported in 
an common enclosure with the frame. 

14. An imaging system comprising: 
a light Source including a plurality of lighting modules, 

each lighting module comprising a plurality of light 
emitting diodes operable to emit light, a frame having a 
plurality of receptacles adapted to receive the lighting 
modules and to direct radiation from the lighting mod 
ules toward a desired region of a subject at a defined 
distance from the frame, and a power Supply operable to 
Supply power to the plurality of lighting modules; and 

an image device for receiving radiation returned from the 
Subject resulting from irradiation by the light Source and 
for generating imaging signals representative thereof. 

15. The imaging system of claim 14, wherein the frame has 
an aperture formed therein for receiving the radiation 
returned from the subject. 

16. The imaging system of claim 14, wherein the light 
emitting diodes are configured to emit light at two different 
wavelengths. 

17. The imaging system of claim 16, wherein the light 
emitting diodes are configured to emit light within a first 
wavelength in a visible spectrum. 

18. The imaging system of claim 16, wherein the light 
emitting diodes are configured to emit light within a first 
wavelength in an infrared spectrum. 

19. The imaging system of claim 14, comprising power 
Supply and control circuitry operable to control light emission 
from the lighting modules. 

20. The imaging system of claim 14, wherein the lighting 
modules are capable of producing an energy intensity of at 
least approximately 60 mW/cm at a distance of at least 
approximately 50 cm from the frame. 

21. The imaging system of claim 14, wherein the light 
Source and the image device are provided in a common hous 
ing Supported by a positioning structure that allows the hous 
ing to be positioned over a region of interest of the Subject. 
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